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Abstract 
This work proposes several sensors sulfadiazine (SDZ). Sensing materials are cyclodextrin or porphyrin-based. PVC selective 
membranes are prepared with these electroactive materials dispersed in plasticizer and having different amounts of a suitable 
additive. Electrodes with different active ingredients displayed different behavior. 
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1. Introduction 
Sulfonamides are -derivatives of 4-amino-benzenesulphonamide, a large group of synthetic antibacterial 
compounds. They have been used in human medicine against a wide variety of microbes, being their current use 
primarily in the treatment of urinary tract infections and in farm animal feedstuff and fish cultures as veterinary 
drugs for prophylactic and therapeutic purposes [1]. Their mechanism of action is based on inhibiting the conversion 
of p-aminobenzoic acid, interrupting bacterial utilization of this compound in the synthesis of folic acid and 
ultimately of purine and DNA [2]. 
The chemical group of sulfonamides is amongst the most used antibiotics in European countries with 
contributions between 11 and 24%. Like other veterinary pharmaceuticals, sulfonamides reach agricultural soils 
mainly through the use of manure or directly through grazing livestock. Evidence that sulfonamides released to soils 
can possibly reach the foodchain is given by the detection of surface water contamination, by transport through soil 
or surface runoff and uptake by plants. Besides possible adverse effects on microorganisms, the major risk of 
introducing antibiotics into the environment is the development and spreading of resistant pathogens [3]. 
Sulfadiazine (SDZ) is one of the few sulfonamide drugs used today. Its analytical control is required in several 
kinds of samples, such as commercial drugs, and biological and food samples. Ideally, this could be achieved by 
non-destructive and highly selective/sensitive measurements, such as those employing ion-selective electrodes 
(ISEs). Ion-selective electrodes (ISEs) have found vast applications in diverse fields of analysis [4-6]. They offer 
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 high precision and rapidity, low cost of analysis, enhanced selectivity and sensitivity over a wide range of 
concentrations [7]. In addition, they are easy to construct and manipulate and no sample pretreatment is needed 
before the analysis itself. Short response times, in the order of seconds, make ISEs appropriate devices for process 
control. 
In the best of our knowledge, only one work regarding the determination of SDZ using ISEs has been reported 
[8]. It uses tetraoctylammonium bromide (TOABr), bis(triphenylphosphoranili-dene)ammonium·SDZ or iron(II)-
phthalocyanine as electroactive materials. Other materials that may allow complementary to the size and charge of 
SDZ could lead to interactions of higher selectivity interactions, which could be achieved by neutral carriers.  
Hence, the present work describes several PVC membrane selective electrodes that are porphyrin or cyclodextrin 
based. Each membrane incorporated an ion-exchanger or an anion carrier to provide a selective response to SDZ. 
The addition of positive or negative additives was also tried out. 
 
2. Experimental 
Reagent grade SDZ, TOABr, dimethyldioctadecylammonium bromide (DDABr), tetrakis (4-chlorophenyl) 
borate (KTpClPB), tetrahydrofuran (THF), alpha, beta or gamma-cyclodextrins (α, β, γ-CD), meso-
tetraphenylporphyrin manganese (III) chloride complex (MnIIITPPCl) and high relative molecular weight PVC 
were purchased from Sigma-Aldrich. 
Measurements were carried out with the electrochemical cell AgCl(s)/Ag double junction reference 
electrode//test solution/ SDZ selective membrane, graphite-epoxy. An Orion, 90-00-29, double-junction electrode 
was used as reference. Potential differences between indicator and reference electrodes were measured by means of 
a Crison
®
 mpH 2002 decimilivoltammeter (±0.1 mV sensitivity). The analytical output signal was transferred to a 
commutation point that enabled the reconnection of the signal to one of six ways out. Each way presented an 
electrical antenna connector that provided suitable adaptation to one selective electrode. The selective electrodes had 
no internal reference solution and used an epoxy-graphite matrix as conductive solid contact [9]. Batch trials were 
carried out with electrodes of conventional configuration, and flow ones with electrodes of tubular shape. General 













Fig. 1. Construction of conventional and tubular shape SDZ selective electrodes made of Perspex® tubes with a shielded electrical cable using a 
copper plate as electrical contact to a graphite-based conductive support. A, electrode body with mounted tubes; B, electrical connection to the 
copper plate placed in the electrode body; C, attachment of electrical cable and connection to a BNC antenna connector; D, graphite-epoxy 
conductive support with a drilled cavity (ª1.0 mm depth) and membrane applied over it. 
 
The general procedure to prepare the PVC membrane was to mix 5.5 mg of active ingredient with 370 mg of 
plasticizer o-nitrophenyl octyl ether (o-NPOE) and different amounts of different additives (table 1). The resulting 
solutions were added of 180 mg of powdered PVC previously dissolved in 5 ml THF. The solutions were applied 
drop wise over a graphite-based conductive support and let dry before use.  
Calibration curves followed the Litre beaker method [10]. All electrodes were placed in a convenient support 
over a magnetic stirrer and immersed in 50.00 ml of HEPES and Na2SO4 0.01 M. Suitable increments of SDZ 
standard solution were added. The potential readings of the stirred SDZ solutions were measured at room 
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3. Results and Discussion 
It is well known that some important features of the PVC-based membranes, such as the nature and amount of 
ionophore and the nature/amount of additives used, influence significantly the analytical performance of ISEs. 
Hence, in this work SDZ selective electrodes were prepared with different electroactive materials and different 
additives. The active ingredients were MnIIITPPCl, α-CD, β-CD, or γ- CD. TOABr, DDABr or KTpClPB were 
employed as additives to enhance the performance of the detector. The membrane composition of all electrodes is 
indicated in table 1.  
 
Table 1. Membrane composition of SDZ sensors. 
Sensor 
Membrane composition 
(mg of sensor:plasticizer:additive) 
Sensor 
Membrane composition 
(mg of sensor:plasticizer:additive) 
I 5.5:370:0 (MnIIITPPCl:oNFOE:TOABr) XXI 5.5:370:0 (β-CD:oNFOE:TOABr) 
II 5.5:370:1.1 (MnIIITPPCl:oNFOE:TOABr) XXII 5.5:370:0.6 (β-CD:oNFOE:TOABr) 
III 5.5:370:2.1 (MnIIITPPCl:oNFOE:TOABr) XXIII 5.5:370:1.3 (β-CD:oNFOE:TOABr) 
IV 5.5:370:4.3 (MnIIITPPCl:oNFOE:TOABr) XXIV 5.5:370:2.6 (β-CD:oNFOE:TOABr) 
V 5.5:370:1.2 (MnIIITPPCl :oNFOE:DDABr) XXV 5.5:370:0.7 (β-CD:oNFOE:DDABr) 
VI 5.5:370:2.4 (MnIIITPPCl :oNFOE:DDABr) XXVI 5.5:370:1.5 (β-CD:oNFOE:DDABr) 
VII 5.5:370:4.9 (MnIIITPPCl:oNFOE:DDABr) XXVII 5.5:370:3.1 (β-CD:oNFOE:DDABr) 
VIII 5.5:370:1 (MnIIITPPCl:oNFOE:KTpClPB) XXVIII 5.5:370:0.6 (β-CD:oNFOE:KTpClPB) 
IX 5.5:370:1.9(MnIIITPPCl :oNFOE:KTpClPB) XXIX 5.5:370:1.2 (β-CD:oNFOE:KTpClPB) 
X 5.5:370:3.9(MnIIITPPCl:oNFOE:KTpClPB) XXX 5.5:370:2.4 (β-CD:oNFOE:KTpClPB) 
XI 5.5:370:0 (α-CD:oNFOE:TOABr) XXXI 5.5:370:0 (γ-CD:oNFOE:TOABr) 
XII 5.5:370:0.8 (α-CD:oNFOE:TOABr) XXXII 5.5:370:0.6 (γ-CD:oNFOE:TOABr) 
XIII 5.5:370:1.5 (α-CD:oNFOE:TOABr) XXXIII 5.5:370:1.2 (γ-CD:oNFOE:TOABr) 
XIV 5.5:370:3.1 (α-CD:oNFOE:TOABr) XXXIV 5.5:370:2.3 (γ-CD:oNFOE:TOABr) 
XV 5.5:370:0.9 (α-CD:oNFOE:DDABr) XXXV 5.5:370:0.7 (γ-CD:oNFOE:DDABr) 
XVI 5.5:370:1.8 (α-CD:oNFOE:DDABr) XXXVI 5.5:370:1.3 (γ-CD:oNFOE:DDABr) 
XVII 5.5:370:3.5 (α-CD:oNFOE:DDABr) XXXVII 5.5:370:2.7 (γ-CD:oNFOE:DDABr) 
XVIII 5.5:370:0.7 (α-CD:oNFOE:KTpClPB) XXXVIII 5.5:370:0.5 (γ-CD:oNFOE:KTpClPB) 
XIX 5.5:370:1.4 (α-CD:oNFOE:KTpClPB) XXXIX 5.5:370:1.1 (γ-CD:oNFOE:KTpClPB) 
XX 5.5:370:2.8 (α-CD:oNFOE:KTpClPB) XL 5.5:370:2.1 (γ-CD:oNFOE:KTpClPB) 
 
For ISEs without additive, only MnIIITPPCl-based sensors showed potentiometric response. The typical 
calibration of these membranes is presented in Fig. 2A. None of the CD based sensors were able to detect SDZ in 
measuring solutions. 
In general, MnIIITPPCl sensors displayed near-Nernstian behavior (Fig. 2B), but the amount and kind of additive 
employed played an important role (Fig. 3). As a general rule, it was noted that positively charged additives 
enhanced the sensitivity of the potentiometric response from 52 to 59-62 mV M. A slight increase in slope was also 
observed for an increasing amount of additive. Both limit of detection (LOD) and lower limit of linear range 
(LLLR) remained unaffected by the additive amount. 
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Fig. 2. Typical calibration curves of SDZ selective electrodes in buffer. Membranes are without additive (A) or with different additives (B). 
 
All CD based sensors showed increasing sensitivities for increasing amounts of cationic additive. This seemed 
more evident for membranes using DDABr as additive. The effect of pH was greatly affected by the membrane 
composition, as well as selectivity. 
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